Control of mitochondrial ATP synthase in rat cardiomyocytes: effects of thyroid hormone.
Activities of the mitochondrial ATP synthase and the electron transfer chain were investigated in cultured cardiomyocytes prepared from untreated and thyroxine-treated rats. Quiescent cells from the thyroxine-treated animals showed a 33% increase in mitochondrial ATP synthase capacity, but no change in respiratory chain capacity, relative to those from control animals. This increase was attributable largely to (a) a 25% increase in F1 content in these mitochondria, and partly to (b) a 10% stimulation in ATPase activity due to raised intramitochondrial Ca2+. Both types of cell showed a normal ATP content of 38-40 nmol/mg cell protein. In control cells, the mitochondrial ATP synthase responded to increased energy demand (by electrical stimulation and/or by positive inotropic agents) with an increase in its capacity of up to 2-fold. This response was absent in cells from thyroxine-treated animals. In addition, cellular ATP levels fell significantly after 2 min electrical stimulation of cells from thyroxine-treated animals, while those of control cells were constant. It was concluded that regulation of the mitochondrial ATP synthase was defective in heart cells from thyroxine treated rats, leading to an energy deficit when energy demand on the cells was increased. Animals treated with thyroxine, but allowed to recover for 17 days after treatment, showed responses indistinguishable from the control cells. Thus, the effects of thyroxine on mitochondrial activities were reversible.